Abstract We report a 52-year-old female patient with a 2-year history of local neck pain, decreased cervical spine rotation, progressive numbness and weakness of both arms. Preoperative, dynamic X-rays, computed tomography, three-dimensional computed tomography demonstrated a displaced Os odontoideum with irreducible Subluxation of C1/2. We used a single transoral approach release, reduction using an assistance of skull traction, bone fusion and stabilization in the treatment of Os odontoideum with irreducible alantoaxial dislocation. Postoperative, the patient was free of all symptoms and X-rays taken showed a stable fusion of C1/2 at 6th postoperative month. This technique in the treatment of Os odontoideum with irreducible alantoaxial dislocation is atraumatic and effective. And preoperative dynamic X-rays, computed tomography, three-dimensional computed tomography and MRI scans provided an invaluable aid to select this operative procedure.
Introduction
The odontoid is a relative common site for malformations. In the past years, several bone fusion and instrumentation procedures have been developed for the posterior operative stabilization of Os odontoideum with irreducible atlantoaxial dislocation. However, in the preview literature to date, there is paucity of existing data with regard to single transoral approach bone fusion and stabilization of Os odontoideum with irreducible atlantoaxial dislocation. We report a congenital anomalies case of Os odontoideum with irreducible atlantoaxial dislocation, which is treated by single transoral approach release, reduction using an assistance of skull traction, bone fusion and stabilization.
Case report
Here, we report a 52-year-old female patient with a 2-year history of local neck pain, decreased cervical spine rotation, progressive numbness and weakness of both arms. Preoperative, dynamic X-rays, computed tomography, three-dimensional computed tomography demonstrated a displaced Os odontoideum with irreducible atlantoaxial dislocation (Figs. 1, 2) . And MRI scans revealed the subluxation of C1/2 which decreased the spinal canal due to the compression of the posterior arch of the C1 and the increased spinal cord signals at posterior of C1 levels on T2-weighted images (Fig. 3) . The patient underwent skull traction (4 kg for 2 weeks) preoperative and the subluxation of C1/2 could not be reduced. The patient was treated by single transoral approach release, reduction using an assistance of skull traction, bone fusion and stabilization. Moreover, to reduce the risk of infection, convenient for possible assistant respiration postoperative and to introduce the endotracheal tube for general anesthesia, a tracheotomy was performed on the patient and endotracheal airway was established the day before the operative day. The patient was placed on the table in a supine position. The transoral approach was performed with the use of adjustable retractor support, which elevated the soft palate into the nasopharynx and depressed the tongue inferiorly. A vertical posterior pharyngeal wall incision was made from the anterior tubercle of C1 to the vertebral body of C3 and extended through the submucosa, the pharyngeal constrictor and longus colli muscles. The muscular and ligamentous attachments to the anterior arch of the C1 and the vertebral body of C2 were undermined and retracted with retractor. Protecting the vertebral artery, the upper cervical spine was carefully exposed and the soft tissues were extensively released. And the capsules of both sides of the lateral atlantoaxial joint were completely released and the surfaces of both sides of the lateral atlantoaxial joint were resected. Both sides of the lateral mass of atlas and the anterior vertebral body of C2 were exposed. And then the subluxation of C1/2 was reduced using an assistance of skull traction. In order to lessen the traumatic, the Os odontoideum was not removed in the operation. The surfaces of the anterior arch of the C1 and the vertebral body of C2 were drilled for stimulation of bone fusion. An autologous cancellous bone graft from the iliac crest was placed between the anterior arch of the C1 and the vertebral body of C2 and both sides of the lateral atlantoaxial joint. C1/2 fusion was performed with two dynamic compression plates because a universal anterior plate-screw fixation C1/2 is deficient in clinical use to date. The screws were placed in the lateral mass of atlas and the vertebral body of C2 under the assistance of continual skull traction. The plates provided the stabilization of C1/2 and maintained the reduction of subluxation of C1/2, and then the incision was closed. Cervical immobilization was maintained for 3 months postoperative with a collar. X-rays, computed tomography, and magnetic resonance imaging taken within the second postoperative week demonstrated reduction of the Os odontoideum and the subluxation of C1/2 and the decompression of the posterior spinal canal of C1 level (Figs. 4, 5 ). X-rays taken at 6th postoperative month showed a stable fusion of C1/2 ( was free of all symptoms and returned to the previous work and presented social activities the 4th postoperative month.
Discussion
Surgical stabilization of the atlantoaxial instability and dislocation have been proposed for intractable local neck pain, transient or progressive neurological deficit and worsening instability of C1/2 [1] [2] [3] .The operation procedure for malformation of the upper cervical spine should be designed to decompress the spinal cord involved and get solid bone fusion for long-term stabilization. There are several variations of posterior approaches bone fusion and stabilization [4] [5] [6] [7] [8] or the transoral approach release combined with the posterior approaches bone fusion and stabilization for the malformation of the upper cervical spine [9] [10] [11] [12] . Os odontoideum can lead to reducible or irreducible atlantoaxial dislocation. Reducible atlantoaxial dislocation can be managed by direct posterior bone fusion using different fixation techniques. Although single posterior approach to the upper cervical spine produces extensive and traumatic soft-tissue stripping, posterior approaches bone fusion and stabilization have been used to atlantoaxial instability and dislocation for many years. Behari reported 109 patients who underwent posterior stabilization with congenital, reducible atlantoaxial dislocation. Brooks' procedures or Goel's C1/2 fusion, Ransford's contoured rod fusion, Jain's occipitocervical fusion, and transoral decompression and Jain's occipitocervical fusion were included. 79 of these 86 patients showed solid bone fusion on dynamic intrathecal CT scan at the follow-up of 6 months [13] . On the contrary, 15% of patients underwent unsuccessful bone fusion using wire and external bracing, bone fusion and stabilization using internal screw fixation techniques resulted in 100% fusion in 87 patients with Os odontoideum [14] . Gluf reported transarticular C1/2 screws or C1 lateral mass screws/C2 pedicle screws, plates and posterior bone grafts were superior to the rates after a Gallie fusion [15] . Fig. 4 Postoperative X-rays, stable atlantoaxial fusion performed using two dynamic compression plates in ap (a) and lateral (b) view Fig. 3 The spinal canal decreased due to the compression of the posterior arch of the C1 and the spinal cord signals increased at the posterior of C1 levels on T2-weighted images Some of the literatures reported that irreducible atlantoaxial dislocation required posterior decompression and occipitocervical fixation or posterior bone fusion and fixation and an additional transoral decompression [9, 16] . However, those procedures do not correct the swan neck deformity. And surgical fixation of atlantoaxial joint in a hyperlordotic position could precipitate the degenerative changes in the lower cervical spine [12, 17] . Because of the irreducible subluxation of C1/2, single posterior approach bone fusion and fixation procedure may not be optimal for the patient. Wang found most of the irreducible atlantoaxial dislocation could become reducible after anterior release without odontoid resection. And then irreducible atlantoaxial dislocation might be reduced and the additional posterior atlantoaxial or occipitocervical bone fusion and fixation could provide immediate and long-term stabilization [12] . To reduce the potential morbidity of the transoral approach, the endonasal endoscopic anterior decompression of the cervicomedullary junction combined with the posterior approaches occipitocervical fusion was performed in a 50-year-old woman with Os odontoideum [18] . The posterior approach bone fusion and fixation combined transoral approach release were thought to be appropriate to Os odontoideum with irreducible atlantoaxial dislocation. However, this operative procedure to the upper cervical spine produced too much traumatic.
In comparison, anterior internal fixation through a single transoral approach for treating irreducible atlantoaxial dislocation is an atraumatic technique when compared with the above-operative procedure. Ai [19] reported applied anatomy of transoral approach is suitable for anterior screw-plate fixation. Yin [20] designed transoral atlantoaxial reduction plate fixation for irreducible atlantoaxial dislocation and the postoperative effect was satisfactory. Oropharynx is a contamination situation, however. Therefore, prevention of surgical infection is very important. Plenty of blood supply of posterior pharyngeal wall and careful preoperative prepare, such as oral hygiene and prophylactic antibiotic therapy, the transoral approach has a low risk of infection. Menezes [21] reported only one case of retropharyngeal infection among the 280 patients who were treated by transoral-transpalatopharyngeal approach to the craniocervical junction. To our experience, preoperative dynamic X-rays, computed tomography, three-dimensional computed tomography and MRI scans provided an invaluable aid to preoperative planning. According to the imaging studies and the patient's clinical symptoms, we think the patient had symptoms secondary to a b the compression of the posterior arch of the C1. Therefore, reduction of subluxation of C1/2 and stabilization of the C1/2 decompress the spinal cord, and then all symptoms relieved postoperatively. And perioperative, the reduction of subluxation of C1/2 trended to redislocation after the single anterior release. Therefore, assistance of skull traction is very important to maintain the reduction of subluxation of C1/2 and it offers a favorable condition to place the screws and plates. And two dynamic compression plates were used to provide immediately and long-term stabilization to maintain the reduction of subluxation of C1/2. Postoperative, the patient was free of all symptoms and the reduction of subluxation of C1/2 got solid bone fusion the 6th postoperative month.
Our technique provides an atraumatic and effective operative procedure in the treatment of Os odontoideum with irreducible alantoaxial dislocation. We think it is suitable for Os odontoideum with irreducible alantoaxial dislocation which causes the symptoms secondary to the compression of the posterior arch of the C1. Moreover, it is helpful in the reduction of subluxation of C1/2, which decompresses the spinal cord.
Conclusion
Single transoral approach release, reduction using an assistance of skull traction, bone fusion and stabilization in the treatment of Os odontoideum with irreducible alantoaxial dislocation is an atraumatic and effective operative procedure. In addition, preoperative dynamic X-rays, computed tomography, three-dimensional computed tomography and MRI scans provided an invaluable aid to select this operative procedure.
